Evidence shows the presence on the chromosome of Metbanobacterium wolfei of a defective prophage which, by DNA-DNA hybridization, is closely related to the virulent archaeophage JrMl of Methanobacterium thermoautotrophicum Marburg. Partial sequencing of a M. woffei 16s rRNA gene and phylogenetic analysis indicated that this organism is more closely related to other representatives of the genus Methunobacterium than to M. thermoautotrophicum Marburg. The chromosomal region of M. wolfei encoding the putative prophage was found to be deleted for two non-contiguous segments of the phage + M 1 genome and thus encompassed only 80 to 90% of the +M 1 DNA. The prophage region was mapped to a 30 kb restriction fragment on the physical map of the M. wolfei chromosome. A randomly chosen DNA fragment was cloned from phage +Ml DNA, as was its homologous counterpart from the chromosome of M. wolfei. The 126-bp region present in both clones exhibited 100% sequence identity.
Introduction
Archaeophage +Mi is a virulent phage of the thermophilic archaeon Methanubacterium thermoautotrophicum Marburg. Its genome consists of linear double-stranded DNA with a size of 30.4 kb [l] . $Ml DNA is circularly permuted and exhibits terminal redundancy of approximately 3 kb [2] . It has been shown that the phage mediates generalized transduction [3] . A previous study in our laboratory revealed substantial homology between $Ml DNA and the chromosome of Methunobacterium wolfei,
suggesting that either large segments of @Ml DNA or the entire @Ml genome are integrated into the chromosome of this autolytic methanogenic archaeon [l] . However, no phage particles were observed in culture supematants or in the autolysate of M. wolfei, and M. wolfei proved insensitive to phage r&Ml (L. Meile, unpublished data). The strong hybridization between phage DNA and M. wolfei chromosomal DNA observed on Southern blots prompted us to analyze the relationship between these elements in more detail. cultivated at 60°C as described earlier [4] . E. co/i strains were grown at 37°C in LB [5] supplemented with ampicillin (100 pg/ml).
Materials and methods

Bacterial strains, plasmids and phages
DNA isolation and manipulation
M. wolfei total DNA was isolated from lysates obtained by treatment of cell suspensions with partially purified pseudomurein endopeptidase from the same organism [6] and purified by CsCl-ethidium bromide density gradient centrifugation.
$Ml DNA was prepared in a similar manner to that previously described [2] . Plasmid isolation from E. cofi strains, digestions of DNA, and cloning were performed by standard procedures [5] . All enzymes used in the manipulation of DNA were used according to the manufacturer's specifications. Separations of genomic DNA fragments were carried out with a CHEF DR-II electrophoresis system (Bio-Rad). Preparation of genomic DNA, digestion with the rarely cutting restriction endonucleases Nut1 and NheI and separation of the fragments by pulsed-field gel electrophoresis were performed essentially as described previously [4] .
16s I-DNA sequencing and analysis
Genomic DNA extraction, PCR mediated amplification of the 16s rDNA and purification of PCR products were carried out as described previously [8, 9] . Purified PCR products were sequenced using the Taq Dye-DeoxyTM Terminator Cycle Sequencing Kit (Applied Biosystems, FRG) as directed in the manufacturer's protocol. The partial 16s rDNA sequence of M. wolfei is available from EMBL under the accession number X89406. The 16s rDNA sequence was manually aligned against representative sequences of members of the domain Archaea. Strain 
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M. wolfei chromosomal fragments hybridizing to $Ml DNA ranged between approx. 19.5 kb (PsrI digestion) and 21.3 kb ( EcoRI digestion) which is insufficient to represent the entire phage genome. Further hybridization experiments were performed to identify those segments of $Ml DNA which are not represented in the chromosome of M. wolfei. Nine fragments, together representing the complete $Ml genome (Table 1 and Fig. l) , were cloned into the E. coli vectors pGEM-SZf+ or pGEM-7Zf+
and individually used as hybridization probes. Chromosomal DNA from M. wolfei was digested with different restriction enzymes, separated by agarose gel electrophoresis, blotted and hybridized to the labeled $Ml fragments. With the exception of the two fragments carried by plasmids pME2153 and pME2156, the probes hybridized strongly to one or more bands in a particular digest of M. wolfei total DNA (data not shown). The two non-hybridizing probes pME2 153 and pME2156 totalled 3 kb. 90% of the phage DNA sequence is therefore represented in the M. wolfei genome.
Attempts to demonstrate contiguity and to deduce, from the hybridization data, the order of the phagelike fragments on the M. wolfei chromosome yielded ambiguous results. Ambiguity was caused by the fact that some of the cloned @Ml DNA-fragments cross-hybridized to multiple restriction fragments of M. wolfei DNA. Consequently, similarity in the arrangement of the hybridizing DNA-region on the M. wolfei chromosome with the organization of phage $Ml DNA at this stage could neither be confirmed nor excluded.
Localization of the *Ml locus on the M. wolfei chromosome
To further clarify the relationship between phage $Ml DNA and the phage-like sequences of the M. wolfei genome, the DNA segments hybridizing to phage DNA were physically mapped. Radiolabeled SalI-digested t)Ml DNA was used as a hybridization probe against chromosomal DNA of M. wolfei which had been digested with the restriction enzymes NotI, NheI and NotI/NheI and subsequently separated by PFGE. The hybridizing fragments were identified as NheI-A, NotI-B, -C and NheI/NotI-B, -K (Fig. 2) . Whereas the hybridization signals to Fig. 2 . The physical map the M. wolfei chromosome as described in [4] . The two Norl/Nhel-fragments to which the hybridizing phage $Ml DNA was mapped are indicated outside the circle by boxes. The hatched box denotes Norl/NheI-fragment K which hybridized strongly to $Ml DNA, and the open box indicates NotI/Nhel-fragment B which gave a weak hybridization signal with @Ml DNA.
NheI-A, NotI-B and NheI/NotI-K were strong, the NotI-C and NheI / NotI-B fragments hybridized rather weakly. We thus located the majority of the segments hybridizing to phage DNA within the area defined by NheI/NotI-K, i.e. between coordinates 370 kb and 400 kb on the physical map of the M. wolfei chromosome (Fig. 2) . These data support, but do not prove, the view that contiguous segments of phage DNA are integrated into the chromosome of M. wolfei.
Cloning and sequencing of a chromosomal fragment of M. wolfei homologous to archaeophage + Ml DNA
The extent of sequence similarity between phage JIM1 DNA and its homologue on the M. wolfei chromosome was explored by cloning and sequencing a randomly chosen fragment represented in both elements. An unresolved band containing short (20 to 33 kb) restriction fragments resulting from NotI/NheI double digestion of M. wolfei DNA (NotI/NheI-J, -K, -L, -M, -N, 141) was excised from a pulsed-field gel, digested with Sau3A and then cloned into the vector pBluescript. pME2198, one of the recombinant plasmids which gave positive hybridization signals with #Ml DNA, was sequenced and shown to carry a 126 bp Sau3A frag-ment. The location of the homologous counterpart of this fragment on the genome of archaeophage t)Ml was determined by hybridization to lie on plasmid pME2164 (Fig. 1) . By hybridization with radiolabeled plasmid pME2198, the position of the homologous region was narrowed down to a 590 bp SmaI fragment which was subcloned (yielding pME2195) and sequenced. The 126-bp region present on both plasmids displayed 100% sequence identity. In view of the Southern hybridization experiments described above, which had revealed differences between the restriction patterns of +Ml DNA and phage-like h4. wolfei DNA, complete sequence conservation is not maintained throughout the entire length of the two elements. Translation of the nucleotide sequence of the phage I,!J M 1 SmaI fragment on plasmid pME2 195 revealed two incomplete open reading frames (ORFS). There was no significant homology of these ORFs to known proteins in the database.
Conclusion
The observations presented here provide strong evidence for the presence of a defective prophage related to the virulent archaeophage *Ml on the chromosome of M. wolfei. Unequivocal demonstration of this supposition would imply establishing the nucleotide sequences of both the putative prophageregion and phage @Ml DNA. The putative prophage carried by M. wolfei is also of physiological interest. In contrast to other Methanobacterium strains, this organism lyses spontaneously upon energy starvation, and this property may be related to the possession of phage sequences in its chromosome [12] .
